INTRODUCTION
A multitude of change management concepts have emerged during recent years to help modern enterprises in their efforts to adapt in a constantly changing business, social, and technological environment. The most popular of these approaches include:
Business Process Re-engineering (BPR) (Hammer 1990, Davenport and Short 1990) Continuous Process Improvement (CPI) (Barrington 1991) Totat Quality Management (TQM) (Oakland 1993) Organisational Transformation (OT) (Adams 1984) Each approach differs significantly in the scope and range of the anticipated changes, the management tools utilised to achieve change, and the business contexts in which they can be used. However, they all have in Georgios I. Doukidis
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Patission 76, Athens 10434, GREECE, common that they require businesses to model the ways in which they currently operate, to identify opportunities for change, and to design and implement alternative ways of carrying out business processes.
In view of the above, Business Process Modelling (BPM) has recently received widespread attention and has been acknowledged as an integral part of any change management project. Different tools and techniques have been proposed for BPM, and simulation has been identified as an extremely useful tool for this purpose (see for example Tumay 1995 , Swami 1995 , Bhaskar et al 1994 . Despite the availability of these tools, it has been reported that companies are usuallly facing significant practical problems when trying tat model in detail the way they operate (Hansen 1994) or to implement changes in existing environments (Galliers 1994) .
Many reasons can be attributed to this difficulty, the primary ones being:
. the complexity of most real-world business processes q their stochastic and usually unpredictable behaviour q the interdependencies between individual tasks . the informal nature of many tasks which makes their analysis and documentation profoundly problematic q the different perceptions of users regarding the way in which work is being done. Such modelling problems can become very significant in large, complex organisational settings, especially in cases where more than one business is involved (inter-organisational systems). For example, Business Process Re-engineering projects, where interorganisationnl processes almost always play an important role (see for example Riggins and Mukhopadhyay 1994) , have been reported to have a large proportion of failures in practice. In this paper, we first examine the nature of the problems of business modelling in general and identify a set of requirements that should be met if a process modelling exercise is to be successful. Most of the change management concepts identified above (especially BPR) adopt a new look to organisations based on the processes they perform rather than the functional units, divisions or departments they are divided into. Processes are defined as 'structured, measured sets of activities designed to produce a specified output ' (Davenport 1993) .
Typical examples of major business processes include the purchasing of raw materials from suppliers, the use of these materials to produce goods and/or services, the delivery of these goodslservices to customers, the acquisition of new customers, the development of new products according to customer needs, etc. It is obvious that each of these processes requires the co-operation and synchronisation of different functional units in order to be successfully performed. It is also typical for a business process to cross organisational boundaries and extend to third parties (customers, suppliers, etc.) . Of course, processes can be described at different levels of detail depending on the abstraction put into analysing the organisation. Typical business processes like those identified above, can be divided into sub-processes which can be further split until the level of individual business tasks.
Requirements for Business Process ModeIling
It has been argued (Willcocks and Smith 1995, Galliers 1993 ) that businesses and business processes are sufficiently complex systems and therefore carefidly developed models are necessary to understand their behaviottr in order to be able to design new systems or improve the operation of existing ones. As businesses are essentially 'socio-technical' systems, we can distinguish the basic requirements of the decision makers regarding the modelling process in two separate areas: 'Technical' requirements which refer to those needs that call for the application of engineering principles in process analysis and design, and 'Political' requirements which refer to the needs that emerge from the social nature of business systems. These requirements include:
Technical Moreover, generating alternatives and modi~ing the model during the decision making process is another very important aspect of business modelling, as managers clearly need to be able to interact with the models as new information or ideas emerge during brainstorming sessions.
User Friendless.
Modelling tools should be easy to use to allow users of the processes to be personally involved in the modelling exercise. The personal involvement of users should increase the confidence of the whole enterprise in the change initiative, thus enabling a greater degree of acceptability of the derived results.
Business Process Modelling approaches should combine the requirements identified above if they are to be proven useful tools for business decision making. In the next section we will assess the potential of simulation modelling as a suitable BPM technique.
Simulation as a Tool for Business Process Modelling
Simulation can be an invaluable tool for BPM, as it incorporates characteristics and capabilities that can accommodate all the requirements identified above. Simulation models for business process analysis can be as friendly as their developers choose them to be. In general, simulation allows for a great degree of user friendliness (e.g. through graphical user interfaces) which is supported by the majority of existing simulation packages.
In the next section we will concentrate on interorganisational business settings and try to understand the characteristics of inter-organisational business processes, to identify additional modelling requirements, and to assess the potential of simulation in this context.
INTER-ORGANISATIONAL
BUSINES!3 PROCESSES: CHARACTERISTICS AND ADDITIONAL MODELLING REQUIREMENTS
Characteristics of Inter-organisational Processes
Problems of BPM become even more difficult to tackle when considering processes which extend beyond the boundaries of a single organisation and include multiple businesses in the value chain. Examples of such processes include purchasing (supplier involvement), shipping (when third parties are employed to transport goods), sales (customer involvement), etc. Interorganisational involvement might exist even in processes which seem at first to be internal, but require (explicitly or implicitly) the co-operation of third parties.
A single organisation cannot control the behaviour of external parties in the way it can with its own resources (people, equipment, etc. If managers decide to adopt such a JIT approach and redesign the respective business processes without a prior assessment of the possible outcomes according to alternative supplier reactions, results might be unexpected. Interactions between players should always be taken into account in inter-organisational modelling and decision making.
There are cases where the decision to model interorganisational business processes comes from all the parties involved. For example, a company might agree with its suppliers to develop a common model of their trading communication in order to identify opportunities for change. Such a case is presented in the following section. In such a setting, most of the aforementioned problems become less important, since the behaviour of all parties is generally more controlled and input data can be more easily available. The new problem that arises in this case is the multiplicity of decision making levels. When for example, two companies (Company A and Company B) develop a single model to represent their trading interface, decision making can be performed either at a single-site level (e.g. Company A experiments with the model to identify opportunities for change within its own operations) or at a multi-site level (i.e, joint brainstorming sessions of the two companies).
In the first case, the model should allow for experimentation only with those parts (sub-models) which represent processes that are performed by Company A (since A cannot control or change the processes of B), and should also allow for multiple output analyses, both at an intra-organisational level (to assess impacts of changes within the company) and at an inter-organisational level (to understand the consequences of individual decisions to the whole system, as these might influence the reactions and future behaviour of Company B).
In the second case, multi-level output analysis is again of paramount importance, since companies need to assess the impact of changes both on their individual performance and in the efficiency of the value chain as a whole.
We can conclude that inter-organisational business processes differ significantly from processes limited to one organisation. Although the requirements reported in previous sections for BPM are still valid, Interorganisational Business Process Modelling (IBPM) requires additional considerations which will be outlined below, after presenting a small-scale case study of Interorganisational modelling.
A Case Study Of Inter-Organisational Simulation Modelling
The work presented here was part of a wider BPR project aiming at redesigning trading communication between a major pharmaceutical company in Greece (Company A) and its main distributors. The sub-project that is described here involved the medical division of Company A which sells small equipment and medical consumables to hospitals and healthcare institutions, via a number of distributors throughout Greece. Each distributor covers a specific geographic area and is responsible for delivering products to customers from its own inventories which are replenished by the main inventory of Company A at regular intervals.
One of the problems identified by the management of Company A (due to space constraints we will be limited only to one of the areas that was actually examined in the project) was the long time it took for a hospital to receive goods from the time it had placed an order. The long lead times were causing customer dissatisfaction and their reduction was considered as a top priority by the management of Company A.
The ordering process was analysed and found to be unnecessarily complicated: Customers placed their orders either with Company A or with Company A's salesmen who visited the customer sites or directly to the distributors. However, all orders had to be authorised by Company A before the distributors proceeded with order execution. This policy resulted in unnecessary delays as the distributors and the salesmen had to forward the orders to Company A, which gave the authorisation (usually with no amendments) and forwarded the orders again to the distributors. Figure 1 illustrates In this case, the burden of order authorisation in Company A is simply transferred down the value chain to individual distributors. The requirement is for a simulation model that will enable Company A not only to identify the impact of changes in their own performance, but also to measure the influence that the same changes might have on other parties (such as the distributors) in order to be able to more safely 'predict' their reaction to changes.
Another solution might be for distributors to proceed with the orders they receive from customers without waiting for an authorisation from Company A,. Such a policy would surely eliminate the delay clf orders delivered to distributors and waiting idle until they are authorised, thus resulting probably in reducing the overall order lead time (which is the objective of the whole exercise). However, this is again a polic:y that has to be implemented by a party outside of the decision sphere of Company A. Distributors might not be willing to adopt such a policy as it would mean an additional level of responsibility for them. Therefore, they have to be persuaded that such a policy would be in their interest too. How can this happen if the model used does not provide output data to assess the performance of the individual players? And what would happen if distributors wanted to experiment only with the parts of the whole model that describe their own behaviour to improve their understanding about the impact of proposed changes on them? If the simulation model is not modular and easy to decompose, they would probably have to build a new model from scratch just to represent the same workings which are already included in the initial model.
A third option for Company A and its distributors might be to co-operate in a joint effort to improve the quality of service they offer to their customers. They might, for example, want to investigate the possibility of adopting EDI to electronically exchange orclers, thus reducing unnecessary delays during communications. In this case, the requirement would be for a simulation model that will allow them (a) to fully understand the interactions implied by the new way of communication before committing to changes, (b) to assess their individual performances under the new scheme, (c) to be able to measure the overall improvement in the value chain in terms of total order lead time reduction, and (d) possibly to communicate the results with their customers to persuade them to adopt EDI as a means of order submission as well.
Surely, there are a lot of alternative ways to implement the ordering process in a way that can fit Company A's management objectives. These ways need to be modelled keeping an eye on the influence changes might have on the performance of individual players as well as the whole system. Such a level of modelling and analysis cannot easily be implemented with existing simulation packages, as it requires modular model design and multiple levels of output analysis.
A way to overcome the modelling problems would be to use a general purpose programming language to implement a modular model. An approach is to implement each player (customers, distributors, salesmen, and Company A) as an independent submodel. Each sub-model communicates with otlhers when necessary (for example when an order is forwarded) via a message passing mechanism which initiates the creation of an entity in the TO model, while it places the respective entity in an idle state in the FROM model. For example, when distributors forward orders to Company A for authorisation, orders remain idle in the distributor submodel, while a 'new' order is created in the Company A submodel. When the order is authorised, it is 'sunk' in the Company A submodel and the respective entity in the distributor submodel becomes busy again (forwarded to be processed). Although this message passing mechanism facilitates 'independent' modelling of the various levels of decision making of the system and allows for output analysis of submodels, the whole process is clearly not user-friendly and cannot provide the necessary degree of adaptability and reusability required for business models. A far better solution might be to use a user-friendly simulation package for model development, provided that a package to satisfy the aforementioned requirements actually exists on the market. in contrast to intraorganisational simulation, existing commercial products do not generally provide the necessary functionality to meet the requirements identified above.
Modular
ModeI Design: Although simulation as a technique can theoretically be used for modular model development and use, existing simulation packages do not generally include such characteristics. At the time being, the requirement for modular model design can only be met if a general-purpose programming language or a simulation programming language is used to develop the model. We are aware of no existing simulation packages (i.e. software that allows model development and use without or with very limited programming) that include advanced functionalities to assist the user in modular model design. This does not mean that modular model development cannot be done with simulation packages. Rather it means that the user is left alone in performing this task, i.e. the package does not guide him/her towards defining appropriate sub-models that will clearly indicate the 'decision territories' of the firms involved in modelling.
Model Analysis: Things become even more difficult when considering the issue of analysing inter-organisational models for the purpose of decision making. Again the problem seems to be that existing simulation platforms do not provide multiple levels of output analysis. Even worse, in the majority of cases output analysis is not provided at aggregate levels at all, and is usually limited to performance indicators within single functional units of the model (resources, activities, or queues). This however, cannot satisfy the requirement for assessing whole, inter-function extended, business processes which is usually needed in business change projects.
Model
Decomposition and Integration: At the current status of non-existence of industrial standards to define the interconnectivity issues between simulation model components, this requirement cannot be easily satisfied. Only if individual models are developed on the same platform, can they be connected in a relatively painless way. If different simulation environments are used, then model integration is usually simply not possible, and a new model should be developed from scratch. Regarding model decomposition, things are slightly better since a single model can always be truncated to include only a subset of its initial range.
Even in this case however, the user will probably need to carry out sub-model definition, to define new output analysis measurements, to 'fill' gaps generated by model truncation, etc.
DISCUSSION:
THE ROAD AHEAD Business process modelling carries several distinct characteristics that differentiate it from other types of modelling problems that simulation has been traditionally used for. This highlights the need for a focused approach to the development of software packages for business process simulation.
The requirements identified in this paper are basically meant as guidelines for prospective users or developers of business simulation models. Of course, each individual requirement carries a different weight depending on the objectives and characteristics of a particular change management project.
Two avenues for further research can emerge from the aforementioned analysis. The first refers to the development of a formal framework to explain the characteristics of business modelling and assess simulation under a variety of practical business problems. The second refers to a more holistic concept that might be necessary for an integrated approach to business modelling.
This approach should combine simulation modelling with other computer-supported modelling, experimentation, and decision making tools in an effort to integrate business process modelling (as part of a redesign exercise) with business performance monitoring (as part of the actual carrying out of business tasks). Computer Aided Business Modelling and Monitoring (CABMM) can be the next target of applications to integrate Simulation, Expert Systems, Workflow Software, and internal business applications in an effort to institutionalise process modelling and measurement in modern businesses.
